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MODELi06-_ (TESTSMA33A/B)

by

B. A. Marshall
Rockwell International

SpaceTransportation & SYstemsGroup

ABSTRACT

An experimental investigation (Test MA33Aand Test MA33B)was conducted

in the NASA/AmesResearch Center (ARC) llxll-foot and 9x7-foot wind tunnels,

respectively. Test MA33Awas conducted from Aprll 26, 1982 through May i,

1982. Test MA33Bwas conducted from May 14, 1982 through May 25, 1982.

The purpose of this investigation was to check the rudder and aileron

effectiveness and the orbiter lateral/directional hysteresis and also to

provide information which would supplement flight data and aid in under-

standing of the STS-I, STS-2and STS-3 one-quarter-hertz anomaly.

Model i061_, a 0.02-scale model of the orbiter, was installed in the ARC

llxll-foot wind _unnel during test MA33A. During this transonic portion

of the test, the model was tested at Machnumbersfrom 0.6 to 1.4 and

Reynolds numbersform 5.0x106 per foot to 6.4xi06 per foot. Model 106-9

was installed in the ARC9x7-foot wind tunnel during Test MA33BI. During

this supersonic portion of the test, the model was tested at Machnumbers

from 1.55 to 2.50 at Reynolds numbersfrom 2.6xi06 per foot to 4.5xi06

per foot.
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SYMBOL MNEMONI C.

NOMENCLATURE

DEFINITION

AB,A B

AC,A C

ADDB

ARC

BEC

B

SPAN

CA

CAB

CA C

CA F

CA T

CBAR

CD

CDEL-BF

CDRHL

CELEV-L

CELEV-R

ALPHA

BETA

BREF

CA

CAB

CAC

CAF

CAT

LREF

CBL,C£(BODY)

CBLF

Fuselage Base Area, IncludinA Sting

Cavity Area, ft 2

Fuselage Base Sting Cavity Area, ft 2

Aerodynamic Design Data Book

Model Angle of Attack, degrees

Ames Research Center

Balance Electrical Center

Model Angle of Sideslip, degrees

Wing Reference Span, (Model Scale or

Full Scale), inches

Axial Force Coefficient, Adjusted for

Sting Cavity Pressure

Base Pressure Axial Force Coefficient

Sting Cavity Axial Force Coefficient

Forebody Axial Force Coefficient

Total Measured Axial Force Coefficient

Reference Length (Wing Mean Aerodynamic

Chord), inches

Rolli_g Moment Coefficient, Body Axis, REF CG

Rolling Moment Coefficient, Body Axis,

Flight CG

Rate of change of CBL with respect to BETA

Drag Coefficient

Bodyflap Position Measured by Potentiometer

Rudder Position (Hinge Line Axis)

Measured by Potentiometer

Left Elevon Position Measured by Potentiometer

Right Elevon Position Measured by Potentio-

meter



SYMBOL

CL

C
m

CN

CONF

CPB&VG

CPSB

CPSC

Cy

Cn

Cn F

DEL-A, _ B

DEL-BF, 6BF

DEL-E, 6e

DEL-R, _ r

DEL-SB,6sB

ELEV-L

ELEV-R

ET

MNEMONIC

CL

CLM

CLMF

CN

CPBAVG

CPSC

CY

CY 8

CYN,

Cn(BODY)

CYNF

Cn8

AILRON

BDFLAP

ELEVON

RUDDER

SPDBRK

ELEV-L

ELEV-R

NOMENCLATURE (Continued)

DEFINITION

Lift Coefficient

Pitching Moment Coefficient, Body

Axis, REF CG

Pitching Moment Coefficient, Body

Axis, Flight CG

Normal Force Coefficient

Model Configuration Number

Average Base Pressure Coefficient

Speedbrake Pressure Coefficient

Sting Cavity Pressure Coefficient

Side Force Coefficient

Rate of Change of CY with respect to

BETA

Yawing Moment Coefficient, Body Axis,
REF CG

Yawing Moment Coefficient, Body Axis,

Flight CG

Rate of Change of CYN with respect to

Beta

Aileron Deflection, degrees

Bodyflap Deflection, degrees

Elevon Deflection, (ELEV-L+ELEV-R)/2,

degrees

Rudder Deflection in Water Plane;

Positive with Trailing Edge Left, degrees

Speedbrake Deflection in Water Plane,

Angle Between the Inside Faces of the Left

and Right Panels, degrees (always positive)

Left-hand Elevon Deflection, degrees

Right-hand Elevon Deflection, degrees

External Tank



SYMBOL

FLT

IML

LaRC

LB

L/D

M

MPS

MRC

OML

OMS

PBAVG

PBI, PB4

PHI,

PINF

PSB

PSC

PT

QBAR

RCS

RECBAR

REF

RE/FT

SREF

MNEMONIC

MACH

PHI

RECBAR

RN/L

SREF

NOMENCLATURE (Continued)

D]_FINITION

Flight

Inner Mold Line

Langley Research Center

Orbiter Body Reference Length

(Model Scale or Full Scale), inches

Lift-to-Drag Ratio, CL/CD

Freestream Mach Number

Main Propulsion System

Moment Reference Center

Orbiter Outer Mold Line

Orbiter Maneuvering System

Average Model Base Pressure,

(PBl+PB4)/2, psia

Model Base Pressures, psia

Indicated Sector Roll Angle, degrees

Freestream Static Pressure, psia

Model Speedbrake Pressure, psia

Model Balance Cavity Pressure, psia

Tunnel Total Pressure, psia

Freestream Dynamic Pressure, psia or

psf

Reaction Control Syatem

Freestream Reynolds Number Based on

Model CBAR, _RE/FT)*(CBAR)

Reference

Freestream Reynolds Number_per footxl0 -6

Wing Reference Area, ft 2



SYMBOL

SSV

TINF

TT

VDC

XCG

XCGF

XCG/LB

XCGF/LB

XCP/LB

Xo

YCG

YCGF

Yo

ZCG

ZCGF

Zo

MNEMONIC

XMRP

XO

YMRP

YO

ZMRP

ZO

NOMENCLATURE (Concluded)

DEFINITION

Space Shuttle Vehicle

Freestream Static Temperature, OF

or OR

Tunnel Total Temperature, OF or OR

Volts Direct Current

Longitudinal Coordinate of Reference

CG Location, (Model Scale or Full Scale),

inches

Flight X Center of Gravity Position,

(Model Scale or Full Scale), inches

Reference XCG Location, fraction of

body length

Flight XCG Location, fraction of body length

Center of Pressure Location in the Normal

Force Direction Relative to the Model Nose

IML

Longitudinal Location on Orbiter Measured

from a Point 238 inches (full scale)

Forward of Orbiter Nose, inches

Lateral Coordinate of Reference CG Location

(Model Scale or Full Scale), inches

Flight Y Center of Gravity Position

(Model Scale or Full Scale), inches

Lateral Location on Orbiter Measured

from Orbiter Centerline, inches

Vertical Coordinate of Reference CG

Location (Model Scale or Full Scale),

inches

Flight Z Center of Gravity Position

(Model Scale or Full Scale), inches

Vertical Location on Orbiter Measured

from External Tank Centerline, inches



INTRODUCTION

Tests MA33Aand MA33Bwere conducted to determine the aerodynamic causes

of the yaw/roll oscillations experienced during Space Shuttle Orbiter

entries on missions STS-I through STS-3 at low supersonic and transonic

speeds. The period of these coupled oscillations is approximately four

seconds. Consequently, the oscillation has becomeknownas the one-quarter

hertz anomaly.

Three aerodynamicmechanismshave been identified as being capable of

producing the oscillations: increased rudder effectiveness (relative to

the Aerodynamic Design Data Book predictions), decreased aileron effective-

ness (relative to the ADDB);and hysteresis in lateral/directional

stability characteristics. Hence, the primary objective of this investi-

gation was to perform fine-cut rudder, aileron, and sideslip sweepsto

resolve these phenomena. A secondary objective was to obtain data which

could be correlated with results from other wind tunnel tests to establish

confidence in the MA33test results.

Model i06-_, a 0.02-scale model of the Space Shuttle orbiter, was installed

in the ARCllxll-foot wind tunnel during Test MA33A. During this transonic

portion of the test, the model was tested at Machnumbers from 0..6 to 1.4

and Reynolds numbersfrom 5.0xl06/ft. to 6.4xlO6/ft. Model i06-_ was in-

stalled in the ARC9x7-foot wind tunnel for Test MA33B. This supersonic

portion of the test was Conducted at Machnumbers from 1.55 to 2.50 at

Reynolds numbersfrom 2.6x106/ft. to 4.5x106/ft.



INTRODUCTION(Concluded)

Almost all of the test objectives were m_t. The transonic phase of

the test (MA33A)was tlme-limited, but most of the fine-cut control-

surface sweepsand pitching and yawing sweepruns were completed.

During the supersonic phase of the test (MA33B),all fine-cut control-

surface sweepsand pitching and yawing sweepruns were completed.

A vapor-screen flow-vlsualization technique was also successfully used.

Runs to check the effects of vortex generators could not be completed

due to tunnel-scheduling limitations. All control-surface deflections

used met the required accuracies for high-fidellty angular determinations.

This report presents information on the conduct of Tests MA33A and MA33B)

descriptions of Model 106-@, and the test facility, and model instrumentation.

Tabulated and plotted data and photographs of Model 106-@ and its installation

are also included.



REMARKS

The time restrictions on Tests MA33Aand MA33Blimited the quantity of

data which could be obtained. The initial installation in ehe ARC

ll-foot wind tunnel was delayed due to the preceding test runing three

days beyond schedule. No additional time wasallottedat the end of

the test because of a high-priority test scheduled for the expected

completion date of the transonic testing. In the 9x7-foot wind tunnel,

the test could not be completed as originally planned, as another prece-

dent model was again scheduled to be installed on the expected completion

date of the supersonic testing.

The quality of the data obtained was within the tolerances established

prior to the test program by the aerodynamics users involved.

10



CONFIGURATIONSINVESTIGATED

Model Description

The remote-control 0.02-scale Orbiter force model i06-_ was used during

Tests MA33A and MA33B. This model is a high-fidellty replica of the

SSV OV-I02 Orbiter configuration and is constructed of ARMCO 17-4 stain-

less steel. All aerodynamically pertinent protuberances and penetrations

have been incorporated in this model. Grit sizes and patterns were as

shown in Figure lb.

The Orbiter model 106-_ is of blended wlng/body design with a double-delta

planform (81 degree/45 degree leading edge) wing of 12 percent thickness

and full-span elevons with gaps between the outboard and inboardpanels

and between the inboard panel and the fuselage. A single centerline

vertical tail with rudder/speedbrake capability is mounted between the

Orbital Nmneuvering System (OMS) pods on the aft fuselage, and a body-

flap is fitted to the lower trailing edge of the fuselage.

The lower two Main Propulsion System (MPS) nozzles are simulated, but are

trimmed to clear the sting support through the base. The upper nozzle

could not be used because of interference with the remote rudder-

actuation system. The OMS nozzles and all Reaction Control System

(RCS) thruster ports in the forward fuselage and OMS pods are simulated.

Fuselage Outer Mold Line (OML) penetrations and protuberances which are

simulated include:

Ii



CONFIGURATIONSINVESTIGATED(Continued)

i. recessed windshields and hatch and observation window

2. simulated forward and aft RCSnozzles

3. T-Zero umbilical panels

4. vents: cargo bay, forward-RCS, wing, flipper-door,
OMS,RCS,and aft-fuselage

5. spanwise steps: vertical tail/rudder and bodyflap;
and star-tracker door cavities.

The mid/aft upper fuselage is fabricated from a single block with a

longitudinal bore into which balance or waterjacket adaptors can be

inserted. The OMSpods are an integral part of this block. The

vertical tail is a separate piece which mounts on top of this block.

The nose/forward fuselage is fabricated as a hollow shell to accommodate

the forward attach structure to the ET and the optional use of Scanivalve

pressure multiplexors.

The wing/lower fuselage is composedof a single piece with separate

control-surface components. The inboard and outboard elevons are fab-

ricated as one piece and are not separately controllable.

A lower aft-fuselage block/baseplate incorporates the simulated MPS

nozzles; aft RCSpods, and simulated OMSnozzles. The model weight is

approximately 92 pounds, including balance adaptor.

All control surfaces are set remotely by meansof electric motors mounted

in the model. The speedbrake deflections are set manually with a pin

and bracket arrangement.

12



CONFIGURATIONSINVESTIGATED(Concluded)

The elevons are controlled by meansof a micrometer-drive/bellcrank

arrangement driven by 24 VDCGlobe motors. The elevons are continuously

variable, with circular potentiometers (pots) providing position in-

formation. The bodyflap is hinged at the base of the lower fuselage and

is controlled in a manner similar to the elevons. It is also continuously

variable.

The rudder is controlled in a manner similar to the elevons. Due to inter-

ference with the basic model structure, rudder deflections are limited in

the positive direction. The speedbrake angle is set with the rudder at

zero degrees and the angle between the speedbrake panels, perpendicular

to the hinge llne, is held constant for all rudder deflections.

13



INSTRUMENTATION

The rudder, left and right elevons, and bodyflap angles were all controlled

remotely from the control console/power supply unit. Each control surface

was connected to a single-turn, infinite-resolution potentiometer which

acts as an angular-position indicator. The angular position was displayed

for each control surface on a digital-readout indicator located on the

control-console panel.

The SS061.5-inch diameter balance was designed and fabricated at LaRC

for these tests. This is a six-component, sting-mounted balance which

was intended to give maximumsensitivity for the lateral/directional com-

ponents while accommodatingthe high loads on the longitudinal components.

Pressure instrumentation was limited to two base pressures and two cavity

pressures, which were measuredusing the tunnel's pressure-instrumentation

system.

All control-surface deflections were calibrated prior to testing for both

tunnel installations of the Oribter. These control surfaces were cali-

brated with a digital-readout Fluke inclinometer, which has the capability

of m_asuringangular displacements (from a defined zero) within 0.003 degrees.

Each elevon was calibrated from -i0 degrees to +i0 degrees; the bodyflap

was calibrated from -11.7 degrees to +i0 degrees, and the rudder was cali-

brated from -5 degrees to +2 degrees.

Each control-surface position potentiometer was then spanned so that the

actual angular displacement corresponded to the digital readout on the control

14



INSTRUMENTATION(Concluded)

surface remote-control console. Each of the angular displacements

measuredwith the inclinometer corresponded to a Newport-count reading.

The HP-9830 then curve-fit the results of the corresponding Newport readouts

and the angular displacements measuredwith the inclinometer (actual angle)

so that the exact angle of each control surface would be output by the

ARCdata-reduction system whena datapoint was taken.

The LaRCSS061.5-inch diameter balance was specifically designed and

fabricated for these tests. The balance was calibrated at the LaRC

calibration lab prior to the tests. Prior to installing the model on the

balance in each respective tunnel, a calibration was placed on the balance,

and the balance was check-loaded. This ckeck-loadlng with the balance

installed on the sting assembly, verified the accuracy of each of the measured

componentsand indicated any balance misalignment in the roll-axis.

After the model was installed on the balance, check loads were hung on

the Orbiter. Thesecheck-loadings were much less extensive and were ac-

complished to check further the performance of all gauges of the balance.

15



TESTFACILITYDESCRIPTION

The NASAAmesll-foot Transonic Wind Tunnel is the transonic leg of the

AmesUnitary facility. It is a closed-circuit, single-return, continuous-

flow, variable-density tunnel. The ll x ii x 22-foot test section is

slotted to permit transonic testing. The nozzle has adjustable sidewalls.

The tunnel air is driven by a 3-stage axial-flow compressor powered by

four wound-rotor induction motors. The speed of the motors is varied as

necessary to provide the desired Machnumber. The motors have a combined

output of 180,000 horsepower for continuous operation or 2!6,000 horsepower

for one hour. Tunnel temperature is controlled by aftercoolers and a

cooling tower. Four 30,000-cubic-foot storage tanks provide dry air for

tunnel pressurization.

The tunnel can be operated at nominal Math numbersof 0.5 to 1.4, unit

Reynolds numbersof 1.7 to 9.4 x i0+b pec foot, dynamic pressures of 150 to

2,000 PSFand a total temperature of 540 to 610 (OR), respectively.

This tunnel is used for force and moment,pressure, internal airflow/inlet,

and dynamic-stability tests.

The Ames9 x 7-foot Supersonic Wind Tunnel is a variable-density, continuous

flow type with an adjustable nozzle to permit supersonic testing over a

Mach-numberrange continuously variable from 1.5 to 2.5. The nozzle is of

the asymmetric, sliding-block type in which the variation of the test-section

Machnumber is achieved by translating, in the streamwise direction, the fixed

contour block that forms the floor of the nozzle. This tunnel shares motor

air supply and cooling equipment with the ll'xll' and 8'x7' facilities as

part of the AmesUnitary Plan Wind Tunnels.

16



TESTPROCEDURES

For the transonic portion of these tests (MA33A), the model was installed

in the ARCll-ft, wind tunnel. The sting assembly for this installation

included the ARC-supplied "white weenie" for roll capability, the ARC-

supplied 9797-D4-I 40-inch extension, and the LaRC-supplied LR538649

sting/balance adaptor. The LaRC-supplied SS061.5-inch diameter balance

was then mounted into the sting/balance adaptor.

Prior to installing the model onto the balance, the balance was check-loaded

and sting/balance deflections were simultaneously measured. The model was

then mountedon the balance through the base of the Orbiter. This instal-

lation is depicted in Figure ic. The model was actually tested with the

wings vertical to alleviate the high dynamic loads on the lateral/directional

gauges due to flow irregularities encountered when the model wasmounted

with wings horizontal.

For the supersonic phase of the tests (MA33B), the model was installed in

the ARC9x7-ft. wind tunnel. The sting assembly for this installation in-

cluded the ARC"white weenie" for roll capability, the Rockwell-supplled

primary-support sting, the Rockwell-supplied SS-A02185sting adaptor, the

ARC-supplied A627-8002-MI articulating sting adaptor, and the LaRC-supplied

LR538649sting/balance adaptor.

This installation enabled the model to be pitched at a nominal lO-deg

angle when the model balance center was on the model centerline. The LaRC

supplied SS06balance was then mounted into the sting/balance adaptor.

This installation is depicted in Figure id. Prior to installing the model

onto the balance, the balance was check-loaded and sting/balance deflections

17



TESTPROCEDURES(ContinUed)

were simultaneously measured. The model was tested with wings horizontal

as no excessive lateral/directional dynamic loads were encouutered.

The model i06-_ was gritted with 0.004-inch grit for both tunnel instal-

lations to trip the boundary layer. The grit pattern is as shown in

Figure lb.

In the ll-ft, wind tunnel, diagnostic runs were scheduled first, to

check data repeatability with past tests. Shortly after the initial

tunnel start and attainment of supersonic flow, dynamic forces began

overloading the side-force, yawing-moment, and rolling-moment balance gauges.

It was determined that the model should be run at _ = 90 degrees to allevi-

ate these dynamic loads, caused by flow asymmetries and irregularities

in the tunnel. The Reynolds numberwas also limited at this point to

further alleviate the gauge overloading problem.

Becausethe control-surface cables were cut in the tunnel during the

diagnostic phase, and due to the time limitations, the final runs in the

ll-ft, wind tunnel were fine-cut control-surface sweeps to match actual

flight conditions. Flow angularities were determined by testing the

model at _ = 90 degrees and 270 degrees and running pitch sweepsat

desired Machnumbers.

In the 9x7-ft. wind tunnel, a new set of test procedures was adopted so

that all test objectives could be met. Initially, the fine-cut control-

surface sweepsand pitching and yawing sweepruns, to match flight conditions,

18



TESTPROCEDURES(Concluded)

were run at Machnumbers of 1.5, 1.72, and 2.08. Fine-cut Mach ramps,

in increments of 0.i, from Mach= 1.5 to 2.5 were then run. Flow

angularities were found by testing the model at # = 0 degrees and 90

degrees and running pitch sweepsat desired Machnumbers. As time

becamea limiting factor, the supersonic phase of the test was completed

by successfully conducting vapor-screen flow-visualization runs.

Control-surface deflection and force-coefficient data from the tunnel

on-line output were closely monitored during the test. These on-line

data were transferred into datasets, and the results were compared

graphically to similar ADDBdata. This provided a rapid check to ensure

data reliability.

The actual run schedule for tests MA33Aand MA33Bis shownin Table II.

19



DATAREDUCTION

General

Standard ARCmethodsfor computing tunnel parameters, model attitudes,

and balance forces and momentswere used, together with the LaRCbalance

calibration.

Model force and momentdata were reduced to coefficient form in both body

and stability ax_s systems. Ax_s systems are defined in Figure la.

Momentdata were reduced about two momentreference centers.

Model angles of attack, sideslip, and roll were corrected for support

hardware deflections.

Standard Facility Data Reduction

Test Conditions

Test conditions (MACH,PO, PINF, QBAR,RE/FT, REL, TO, TINF) and model

attitude (ALPHA,BETA)were computedusing tunnel parameters.

Force Coefficients

The six-component body axis coefficients (CAT, CBL, CYN,CLM,

CN, CY) were computedfrom balance outputs, with momentsreferenced to

the REFCG.

MomentCoefficients Referenced to Flight CG

Using standard facility data reduction equations, the following moments

about the flight cg were computed:

20



DATAREDUCTION(Continued)

CLMF- Pitching MomentCoefficient
CYNF- YawingMomentCoefficient
CBLF- Rolling MomentCoefficient

Non-Standard Data Reduction

Force Coefficient Data

AXIAL FORCECORRECTIONS

Axial force coefficient was adjusted for the differences between the

average sting cavity pressure and an average base pressure.

CA= CAT- CAC

where CAC= (PBAVG- PSC)*(AC/(QBAR*SREF))
PBAVG= (PBI + PB4)/2

FOREBODYAXIAL FORCE

CAF= CA- CAB

where CAB= -(PBAVG- PINF)*AB/(QBAR*SREF)

STABILITYAXIS COEFFICIENTS

CL and CDwere computedusing CAafter it had been
corrected for sting cavity pressure (above).

CENTEROFGRAVITYRATIOEDTOBODYLENGTH

XCG/LB= (XCG- XNOSE)/LB
XCGF/LB= (XCGF- XNOSE)/LB

CENTEROFPRESSURE

Center of pressure location of the model normal force was computedas a

ratio to the reference body length.

XCP/LB= XCG/LB-(CLM*CBAR)/(CN*LB))

LIFT-TO-DRAGRATIO

L/D = CL/CD
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DATAREDUCTION(Continued)

CONTROLSURFACES

The on-site calibration of the model control surfaces determined the form

of the equation to compute the angles (degrees) from the measuredcounts.

The possible forms are:

(i) Linear.
(2) Polynominal.
(3) Table Look-up.

ELEVONANGLES

ELEV-L= f (CELEV-L)
ELEV-R= f (CELEV-R)
DEL-E= (ELEV-L+ ELEV-R)/2
DEL-A= (ELEV-L - ELEV-R)/2

BODYFLAP

DEL-BF= f (CDEL-BF)

RUDDER

The rudder pot measured the rudder angle in the Hinge Line axis.

DRHL= f(CDRHL)
DEL-R= ARCTAN (_.82_g2 TAN(DRHL))

SPEEDBRAKE

The speed brake angle is manually set with brackets.

input via keyboard to the data acquisition computer.

The angle set was

PRESSURECOEFFICIENTS

PBAVG= (PBI + PB4)/2
CPBAVG= (PBAVG- PINF)/QBAR
CPSB = (PSB- PINF)/QBAR
CPSC = (PSC- PINF)/QBAR
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DATAREDUCTION(Continued)

MOMENTREFERENCECENTER

The momentreference center (M.R.C.) in model station location is given

below:
REFERENCECG FLIGHTCG

MODEL FULL MODEL FULL
SCALE SCALE SCALE SCALE

Xo, inches 21.534 1076.695 21.978 1098.888
(0.65 LB) (0.6672 LB)

Yo, inches 0 0 0 0

Zo, inches 7.500 375.0 7.447 372.34

BALANCEELECTRICALCENTER

The balance center for the LaRC, SS06, 1.5-inch diameter balance is

located at the model station given below:

MODEL SCALE FULL-SCALE

Xo, inches 21. 514 1075.70

Yo, inches 0 0

Zo, inches 8.0 400

MOMENT TRANSFER DISTANCES

Moment transfer distances from the balance electrical center (BEC) to

the model moment reference center (MRC) are defined such that a positive

transfer distance gives a positive moment. The equations are as follows:

XI = X (BEC) - X (MRC)

YI = Y (BEC) - Y (MRC)

ZI = Z (BEC) - Z (MRC)

Transfer distances for both the REF CG and the FLT CG are presented in

Table III.

23



DATAREDUCTION(Concluded)

HP9830NEARREALTIMEANALYSIS

Because of the exploratory nature of this test, it was necessary to

analyze the data as soon as it was obtained in order to make appropriate

adjustments to the planned run schedule. In order to do this, JSC pro-

vided a Hewlett-Packard Model 9830 desk top computer with a disk drive

and X-Y plotter, and all necessary HP software to perform the required

analysis.
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TEST
I

: MA33A

TABLE I

i

I
TEST CONDITIONS

[DATE : ,f_l- 82

MACH NUMBER

O.G

o-q

b.g#

0._
/. 05

/.10

/. _zO

/'.5O

/.qo

/I ×//
REYNOLDS NUMBER

(pe[ unit length)xlo -_

0.5

6-,

r

DYNAMIC PRESSURE

(Oou_s/sq. in )

FOOT ,, T£A_ soNzc TUA/AJE L,

ISTAGNATION TEMPERATURE

't (degrees RanKine)

I .5"?c

,,..q__!+7.85
go6

tTd
q./o

?:5/

i 571

_7S

570°

58_
s_4

BALANCE UTILIZED: S,_c

CAPACITY: ACCURACY:

/.._ " DA,_.

COEFFICIENT
TOLERANCE:

NF /3(_9

SF ,., 15-0

AF ,_00

PM -_65;00

YM .... ,3 O0

COMMENTS:

cQ,o



TABLE I (Concluded)

I

] , DATE : ,5"-_5-o°,2/.,

TEST COHDITIONS

MACHNUMBER

1-55

1.7_
_.oo

_,_0

q x 7 Foot SuPER,_ONIC TI..z,'_AJEL

REYNOLDSNUMBER DYNAMICPRESSURE STAGNATIONTEMPERATURE

(per unit length)X.lO-G (pounds/sq. (n.) (degreesRan_;'_e)

5_0 °4.97, zo7

J, 4,4, l.oo
6.9/

¢.q?

_.7; 4.5
4.5

_,6 ; 4.5

q.5

BALANCE UTILIZED"

CAPACITY:

NF /._(_C)

SF /,50
AF -_00

PM _)000

RM 3C)0

YM 3(_0

ACCURACY:

/. _' "Z).,,_ •

COEFFICIENT
TOLERANCE:

COMMENTS:
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TABLE III _ATA REDUCTION CONSTANTS

SYMBOL UNITS FULL SCALE MODEL SCALE DESCRIPTION
(B.4ZB)

AB eq ft 436,8 4.17472

AC sq ft nil 4.B2463

SPAN tn. g36.68 18.7336

LB tn. 1"29B.3 25.8B6

SREF :q ft 269_ 1.B76

CBAR in. 474.81 g.496 :

XCG tn. IH76.695 21.534

XCGF In. IHgB.$BB Zl.978

YCG tn. B.B m.E

YCGF tn. B.B B._

ZCG tn. 375.4 7.5

ZCGF tn. 372.34 7.447

XNOSE In. 238.H 4.76B

X] Jn. n/e 0.021

Vl In. nla _.4

ZI fn. nla _,581

XtF In. n/a -0.418

Y]F fn. n/a B.B

ZIF In. na 0.554,

base Ires

stlng cavlty Irls

wlng span

ref, body length

wlns ref, area

. wing MAC

ref xc9

flight xcg

ref¥ cg

fllght YCG

ref. ZCG

f11ght ZCg

X Station of nose (IML)

X-transfer distance from balance
center to REF CG

Y-transfer distance from balance
center to REF CG

Z-transfer dtstance from balance
center to REF CG

X-transfer distance from balance
canter to flt cg

Y-transfer d_stance from balance
center to flt cg

Z-transfer distance from'bzlance
center to flt cg
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Figure 2 .  Model Photographs 
a. Front  - Top V i e w  of Model 106-41 I n s t a l l e d  i n  

the  ARC 9x7-Foot Wind Tunnel 
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e. Bottom Quarter View of Model 106-0 Installed 
in the 9x7-Foot Wind Tunnel 

Figure 2. (Continued) 
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